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@ Decoder. 

©Decoder In a form of Eudlrfs algorithm operalton circuit In whfch divi^on polynomials are repeatedly 
div^by residues resulting trom^the division process of divkkmd pdynomtels and divisron po^nch 
mials until degree of residues of the division process satisfies a presoibed condition, the Eudid s 
algorithm op^tion circuit comprises a first and a second register groups hayirvg a Plura^^ 
fw storing the dividend pdynomiais and the division polynomials respectively. ?/^badc loop for 
^ring risldues resulting from the division process of the dividend Po^ynom^ls by tiie dn^ion 
polyn6mials in respective register of the first register flroup^ "fing ttie firs^ and the se(X)nd regeter 
broLps. a shifter tcHhlftinglontente of respective registers of the fir^ reQ^ter^p in t^ene)rt stege 
whenever one divisfon process is completed untfl the maximum degree coefficient of the divsion 
Sy^mlLl ^mes non-zeio. and an exchanger for «dianging coeffidente of ^ 
h^s with coefficients of the division polynomials. Decoder ind«Jing the Eud.d^ ^^^^^^'".n 
dit^uit comprises a syndrome operator for calculating syndromes fifom received code-words, an erasure 
locator generator for generating erasure locator data from erasure locator flags synchronmng with 
i^lved code^orxls. a modified syndrome generator for generating modified syndromes excepbng 
erasure locator infomiation from the syndromes, an erasure locator polynomial generator for generat- 
ing erasure locator polynomials from the erasure locator data, a Eudids algorittim <^P^l^J'^^^^ ^ 
obtaining eiTor locatoT polynomials and error value polynomials from the modified syndromes and fte 
erasure locator polynomials, a Chien searcher for obtaining enor locations and enror vakjes fromme 
error locator pdynomiais and the enor value polynomials obtained by the ^^^id's algorrthm opi^ 
drcuit. a corr^^on processor for correcting enoi^ of the rf<^'v^<»?t^"*,^ 
and en-or values obtained by the Chien searcher, and charadenzed m that the modrfied syn*ome 
iTneZZ anrL^ure lU^ pdynomial generator are used jointly with the Eudid's algonthm 
operation circuit 
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The pfBsent invention generally relates to a decoder, and more particularly, to a decoder suitable for de- 
coding error correction codes of Goppa code including Reed Solomon (RS) code and Bose-Chaudhuru- 
Hocqenghem (BCH) code. 

In order to promote reliability of various digital systems, it has become to apply error correction codes in 
5 recent years. Various kinds of error conrection codes have been adopted corresponding to various systems. 

In particular. Reed SolonfK>n code (hersinafter referred to as RS code) is an important code of which re- 
dundancy is low and is widely used in the fields of CD (Compact Disk), DAT (Digital Audio Tape) and satellite 
communication. 

There are various methods proposed for decoding RS code. For correction of a few symbols, for Instance, 
10 two or three symbols It is possible to obtain error locations and error values by an algebraic function using RS 
code and it is easy to devise a decoder for this purpose. However, in a system requiring high reliability it is 
necessary to increase the error correction capability. In this case, the Peterson algorithm, the Berlekamp-Mas- 
sey algorithm or the EudkJ's algorithm is used. In these algorithms, the decoding is made by setting up error 
locator polynomials and error evaluator polynomials and obtaining error locations and error values according 
15 to the Chien searcher. Circuits for enabling such the decoding as this aro extremely large in scale and further- 
more, require a long time for calculation. 

Next, the RS code will be briefly described. 

The RS code comprises Galois field GF elements. If a code length Is n, the minimum distance (iHamming 
distance) is d. and information bearing symbols are k of a RS code on Galois field 6F(2"<) comprising 2^ ele- 
20 ments. the RS code satisfies the following equations (1) and (2): 

n^2P-^ (1) 
n = k + (d - 1) (2) 

The error correction capability t of this RS code can be expressed by the following equatton (3): 

t = (d - 1)/2 (3) 

25 AgeneratoT polynomial G(X) has degrees equivalent to code check symbols (n-k) (= d-1 - 2^ and is divisible 
X"- \ If the primitive element of GF(2n) is a. the generator polynomial G()g of the RS code can be expressed 
by the following equation (4): 

G(X) = (X - a).(X - a2)...(X - a2t) (4) 
Further, G(X) can optionally be replaced by the following equation (5). 
30 G(X) = (X - 1).(X . a)...(X - a*- 1) (5) 

Next, the encoding will be described. 

A cocfing polynomial C(X) after encoded must be divisible by a generator polynomial G (X). If Information 
symbol of k pieces desirable to encode Is I and this information is expressed by a polynomial, the infonmation- 
bearing symbol polynomial i is expressed by the following equation (6): 
35 ipq = Cn-1 X"- ' + Cn-2.X"- ^ + Cn-k X" - (6) 

AresMue polynomial P(X) obtained by dividing the information-bearing symbol polynomial G(X) by the gen- 
erator polynomial P(X)is expressed by the following equation (7). 

P()0 » ipg • mod G(X) 
= Cn-k-1X"-»'- W Cn-k-2.Xn-'^-2 + ... + CO (7) 

40 and a coding polynomial C(X) is provided by the following equation (6): 

C(X) = l(X) + P(X) (8) 
It is apparent that the coding polynomial C(X) of the equation (8)is divisible by GPQ. 
Next, the encoding will be described. 

FIGURE 1 is a circuit diagram showing a conventional decoder which is for decoding such an enror cor- 
45 rectlon code as this. The decoder shown in FIGURE 1 is that disclosed in the Japanese Patent Official Gazette 
(TOKU-KO-HBl) 4-7847. 

The decoder shown in FIGURE 1 comprises based on the systolic algorithm. If no erasure Is taken into 
considertton, the decoding is carried out in the following procedures (1) through (5): 
(1) Syndrome calculation is carried out 
50 (2) If an syndromes are 0, it is judged that there is no error. 

(3) Using the Peterson algorithm or the Euclid's algorithm, an error locator polynomial o(X) and an error 
value polynomial cd(X) are obtained. 

(4) According to the Chien searcher, a root of a(X), i.e., an error location Is obtained. 

(5) A root of a>(X), that is, an error value is obtained. 

55 The coding polynomial C(X) of the equation (8) is subject to the effect of noise in a transmission line and 
changes to a received polynomial Y(X). This received polynomial Y(X) is the sum of the coding polynomial C(X) 
and the enor evaluator polynomial o(X). 

First, in the above step (1), syndromes SI, S2 S2t are calculated from the received polynomial Y(X). 
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In a BCH code having njots of a. f ^y**^^ '^^^'^(i) 

AsC(a0 = O.0 = 1.2....2t).asy^^^2L^' (10, 

ti^uA^a.■«se,ue^.i^^)>ss^esJam^^■.^ ^ ^ ^ ^^^^ 

the following equation (12) is obtained from the equation (10). 

Si = el ■ a'' * e2 • a«» + ... + eu • ai^ 

The«rfbre.enDr locations j1.j2 jlLeTOv^liuesel. e2 eL can be obtained ftom the SI. S .... 



S2t 



20 



25 



30 



. (16) 



However as it is difficult to obtain themdtectlyframsyndKHnes. first, obtain anLdegreepoly^^^ 
« theeaioisfieldGF(2-.)sh«^inJheequa«oj^^^^^^ ^^^^ 

.o.heequation(15).mefonowing^uaUon(16^^^^^^^^ ^ ^^^^ 

ei a»'/(1 - oJ' Z) 
a el ol' + ei a» Z ♦ ei o» Z* + ... (15) 

S(Z) ^.jbei.oiVd - a''-Z)-»od z" 

When o(Z) Is applied to both sides of the equation (16). the following equation (17) will be obtained: 

<j(Z)SP) = (»(Z)modZ« (17) ... -.w 

Thatls.theequation(17)canbereplacedbyth.tollowingequatlon(18).lnusinganappro^ 

Theo(Z) Of the equation (18) is^ied an errorevaluator polynomial and isdrf^^^ 
tion (19). 

„,., = |.iS,a-.''-« •••<"> 

. ^\ < fl and rdea ©GO ^ Ml (deg denotes degree) are established. Further, as 

rO(Z) = q2(Z) r1(Z) ♦ i2(Z). deg r2 S deg r1 (21) 

ri-2(Z) = qj(Z)ii-1(Z) + r1(Z).degrigdegrj-1. (23) 
And thelastlydivided non-zero n(i)'w?be^oI«Sgf^^ 

V(Z)^^g^fbHowi„g equation (24) and bo«; deg U and deg V are smaller than deg M. 
^ U(Z)r-1^) + V(Z)iO(Z) = h{Z) (24) 

Assumingr-1{Z) = Z«andrO(^ = S(Z).pdynomials,KZ).Ai{Z)andBi(Z)satisfWngthefd^^^ 
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(25) are sequentially calculated using the above theorem. 

^ ' A(Z) r-1(Z) ♦ Bi(Z) rO(Z) = ii{Z) (25) 

And if BKZ) becomes below degree t and residue ri(Z) becomes below d^ (M ). Bi© ^J^^^^ 
possible substitutesof 8(Z) and respectively. Therefre. first, assuming that Ar1(Z) - 1. AO(Z) - 0. B-1(Z) 
= 0 and BO(Z) » 1. rKZ). AI(Z) and Bi(Z) will be calculated as shown below. 

ri(Z) = ri-2(Z) - qi(Z) ri-1(2) (26) 
Ai(Z) = Ai - 2(Z) - qi(Z) ■ Ai - 1(Z) (27) 

Bi(Z) = BI-2(Z) - qKZ) Bi-1(Z) (28) 
And only when degree of ri(Z) becomes below (t-1)throu9h the above arithmetlcoperatlons. the fdk^^^ 

equations(29)and(30)willbeob.ained. ^ ^.^^^ 

o)1(^ = ri(Z) (30) 

An error valueelis obtained according to the fdlowing equation (31)using roots of <i(X) and a,(X)ob 
by the Eudid's algorithm. 

el = -a>(a-'i)/<j'(a -1^,(1 = l. — L) (31) 
™h-« ^iTSba derivative of o(Z). which is a perfunctorily differentiated from o(Z). This a'(Z) is expressed 
;Te'l^.Si;girr(S)^(32)wh.chLe composed of only^ 

(L: odd number) (32) 
o'{Z) = a1 ♦<t3 Z»*<i5 Z«*-. ♦ol. Zi-2 
(L : even number) (33) 
Encodino and decoding of RS code are thus completed. . ^ ^. u 

P.XJrTe decoder Mshown In RGURE 1. has not only the erasure correcting function but also the en- 

sure.SSiSfJ«C^» 

!rmt^Sus A flag outout circuit 201 outputs this erasure locatorflag in synchronism with a received 

:r:.:rhXinpitiStS^^ 

location Is aenerated by an erasure locator generator 202. .... 

?n the re^^and. a received cod^wo«l that is input through the input terminal r..n« ^up Jed toa sy^ 

diagiU showing a spedfied arrangement of the modified syndrome oencrcuit m „ 
^?^LifiSsynAomecellciroutt206isarrengedbyconnec«ng2t^ 

■> Th- «IZma SOQ is suBOlied to a latch 221 as an input Yin. as shown in FIGURE 2. When the latch 221 
oa?thC<.-^W.r:i«.ocato^ 

latches 225 and 226. an adder 227 and a multiplier 228 based on a command from a latch 223 and obtams 
the modified syndrome 8(X) by performing a calculation of the foUowmg equation (34). 

Se(X) = (X - aO • S(X) mod )P» (34) 
Theresultof the calculation is supplied toalatch 230 throughamultiplier (MUX) ZJ9 and then.<^ 

f«J?J?hi^^ asSSa^ needed for the calculation of the above equation (34). After the <»^''>^ 
ZZXIS^^^^ coefficient is held in the reg^erof each cell and the modified syndrome 

inemoQmeu5.yi ^ ' erasure locator coefficient latch 209 through an l/F 207. 

a muUiplier cell circuit 211 and an error-erasure value polynomial latch 21 2 through «" ^ ^la ^^"^ 
r Zft 208 Obtains data scrSes of coefficients of both an error locator polynomial o e(X) and an «ror-e«^re 

jSiSei^ of an error-ensure value polynomial n(X)from both an enorlocatorpol^^^^ 

. -w!^«ri«rin addition the l/F circuit 213 obtains a differential of an error erasure locator 

s^^oj^a^rj^siJ?:^^^^^^^^^ 

"^The evaluation cell cin:ult214obtainsanerror value by the calculation according to the 

(35) at a location i «fhere an error locator polynomial 0(0") becomes 0. 

n(a')/o'(oi) (35) 

An error value Obtained by the evaluation cell drcuit214is supplied to an adder216thro^^^ 
215.^i^rd;Suit215deL,inesifan8nor is generated atthelocato^ 
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a(a1 18 0 and supplies the error value to an adder 216. The adder 216. being supplied with a rocewed code- 
iS?rlTSmen«ry 217. corrects an error by an addition of the Galois fie^^ 
^SS?>Xanem)rviueatthekxatloniandoutput8toanoutputte^^^^^ 

In RGUREI.iepresenla a command Input of each circuit » •„ w^k e,,»«rt 

^,e dec^derTs shown in FIGURE 1. Is capable of a pipeline processing and is f » "V^J^f^^ 
processing. However it was defective In that it's circuit scale was large and uneconomical fdr progressing a 

'"^^Byl'^^nngthedecodh^g processing times, t^^ 

ess to obtain the error locator polynomial o(Z) and the error evaluator polynomal J^^'T ^^^^'^ 
the circuit scale corresponding to this process is most large. So. a proposal for reduang »•« "-^i* 
Sfe pSon^ m tSe Japanese Patent Disclosure (TOKU-KAI-SHO) 63-1 57528. FIGURES 3 and 

rLCoSr«^showingth.sprposal.,espectK,e^^^ 

a GCD and RGURE 4 shows the entte circuit arrangement using the processing elements shown in FIGURE 

^' In this proposal, a systolic algorithm Is adopted. This systolic algorithm is to obtain a(X) and in the 
p«<iMVobSnia6OT using the Eudld'salgort^^^ 

t^^lmum degS coefficients of two polynomials. Further In Its actual drcuit. in order to ^ 

l^Trni^^rytousetwIcethed ^ , 

""^C "r^nventional Eudid-s algor«hm operation drouit. one basic P---'"^ "T^^^ 
two multioiiors an adder, a three-Input two^Hitput multiplexer and seven legistere. So that its cko* wale b 
SZSyCe.^ sho^n In FIGUI^E 3. If one symbd is comprised of 8 bits as In. for Instance. RS code on 
aSfirGF(2»). when the number of gates is Obtained inauntt of NANDgate.it is necessary to ^^^^ 

*'^d?X^S+ 2) pieces of this basic drcultare used and therefore. If 2t = 10. 14.4 K gates must be ar- 
ranged. FuSliS to aire a high speed decoding, ft Is necessary ^ P«»v1de two sets oTJe 
in FIGURE 4. as the CB.:uttcannot be used twice. In this case. If U)C (Long Distance Code)b^^ 

is assumed that Ct = 161 then 21600 gates will be required, thus resulting In an enormous areurtsalfc 
T^SilSld abovera conventional decoder has sud, a problem that Its drcuit scale Is loo la,»e to surt 

^ToiT:revr«,:2i:r.r^^^ 

Eudid-s algorithm operation drcuit in which division pdynom«ls are repeatedly dnnded ^ "^J^^ "«*'"f 
f rom the dLion process of dividend polynomials and division pdynomials until degree of "'^^ «[ 
vS^n process saK^a prescribed condition, the Eudid's algorithm op^^^^^^ 

bS^Jie^e presentlnSSion ischaraderized In that it comprises afirst and a second hav- 

SjrpLttyofigisterslbrstcringthedividendpdynomlalsandthedMs^^ 

ba* OOP for storTng residues resulting from the division process of the •^^•'^"f^P^'y"^* 

polynomials in respedive registers of the first register group using theflrstand second rogteter groups, a 

swSr shifting «.ntents of respedive registers of the first register group In the next stage whenever one 

SSn iSr?s completed untiiSe maximum degroe coeffidentof the division polynomj becom^non- 

zerS.andanexduingerfer«td«mglngcoeffidenteofthedivldendpdy^^ 

•^'Tilltudid-salgorithmoperationdrouit having theaboveconst^^^^ 

resu Sng from the dMsion pro^ss of dividend algorithms by division algorithms in rospectwe reg«aers of the 
SSe^grlrSvidenSS^ 

cS idem of residues is 0. the division will become impossible, and thereforo the shifter shifte the rogetera 
S^^^ltagerogistersuntilthemaximum degree coefficiertroaches non-zero. AS theexd^^^ 

^^oSs7dt«Xdpdyno^ 

scale less than that of conventional circuits. , ,ho =hAv,a PiiriWs al- 

Adecoder according to the second asped of the present im^ention. which mdudes the «'»«^«Eud j s ^- 
QorithLperationdrcuiJcomprisesasyndromeoperatorforcalcdatingsyndromesfromrecew^^ 
an erasure locator generator for generating erasure locator data from erasure locator flags syndironizing with 

Te'ed^T^s a modif J syndrome generator for genereting modified ^">"Z^'^^}^^Z 
SrinSLtionfr^thesyndromes.anerasuretocatorpdynomialgeneretorforgenerahnger^ 

S!^S™S*irresure^ocatordate.aEuditf^ 

SSr^^rj^Suepdynomialsfromthemodifiedsyndromesand|heeresure 

SSdterfbr obtaining error locations and error values from the error locator pdynomials and the enor value 
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polynomials obtained by the Euclid's algorithm operation circuit, a correction pm«»sor for "^""S 
KiSived code-word based on error locations and error values obtained by the Chien searcher, and cha - 
IStn St. the modified syndromegeneratorand the erasure locator pdynomialgeneratorarBus^ 

Iv with the Euclid's algorithm operation dreulL , _^.«:„i„„„ 

' Tn the decoder dLribed above, a modified syndrome generator and an e.»»re locator PO^yn«n'^«"- 
erato^ m, used jointly wfth the EudWs algorithm operation circuit As a result. tt» c«urt «jf ""f- 

Additional objects and advantages of th present invention will be ^f>^^'^*^ f^^'^'l'^^^J^J^ 
from a study of the following description and the accompanying drawings, which are hereby incorporated m 
and constitute a part of this specification. ^ . ^ » .»k»„.rf«.f 

Sr a better understandings of the present im^ention and many of the attendant advantages thereof, ref- 
erence will now be made by way of example to the accompanying drawings, wherein: 

FIGURE 1 is a circuit diagram showing a conventional decoder, 

FIGURE 2 is a circutt diagram showing a modified syndrome circutt in FIGURE 1; 

FIGURE 3 Is a blodc diagram showing processing elements comprising a conventional Euclid s algorithm 

SsURETteJ block diagram showing the entire circutt arrangement of a conventional Euclid's algorithm 
operation circuit using the processing elements shown in FIGURE 3; ^^u,„ ^ 

RGURE 5 is a block diagram showing one embodimentof a dhrtder adopted In the Eudtfs algorithm op- 
eration circuit accorxling to a frst embodiment of the present Invention: 
FIGURE 6 Is a block diagram for explaining the principle of the embodimenlshown n FIGURE 5. 
FIGURE 7 la an explanatory diagram for explaining the principle of the embodiment shown in FIGURE 5. 
FIGURE 8 is a flowchart for explaining the operation of the embodiment shown m f 'GURE5; 
FIGURE 9 is a timing chart fbr explaining the operation of the embodiment shown in FIGURE 5; 
FIGURE 10 is a blockdiagram showing oneembodimentof thedeooderacconling toasecond embodiment 

nGU^E^^te r^Sdiagram showing a specified circuit arrangement of a modified syndrome generat- 
iiM/Eudid's algorithm divider 3 in RGURE 10; ..^.^.^^-r 
RGURE 12 is a blodc diagram showing the principle ckoiit for performing the modified syndrome gener- 
ating operatkm in FIGURE 10; . 

nGURE13isadrajitdiagramshowingadividerfbrEudld'salgonthminRGURE10; 

FIGURE 14isacircuitdiagramshowingthe8pedfieddrouitarrangementofll«era8ureiocator^^^^^ 

flenerating/product sum operating drcuitforEudid'8algorithm4 In FIGURE 10: 

SSuREISbablodc diagram showing the prindpiedrouitfor performing*^ 

SG"ssnSit'"d.aSi^;^ 

10; 

RGURE 17 is a timing chart fbr explaining the operation in RGURE 13; 

RGURE 18 is a timing chartfor explaining the operation in RGURE 16; ciriiRP 
FIGURE 19 is an expfanatory diagram for explaining the operation of the embodiment shown in FIGURE 

RGURE 20 is an explanatory diagram for explaining the operation of the embodiment shown in FIGURE 

FIGURE 21 is an explanatory diagram for explaining the operation of the embodiment shown in FIGURE 

RGURE 22 is an explanatory diagram for explaining the operation of the embodiment shown in FIGURE 

JSe present invention will be described in detail with reference to the RGIJRES 5 ^- 

Tliroughoutthe drawings, like or equivalent reference nimerals orletters wil be used to designate like or 
equlvdent dements for simplicity of explanatton. ,„«.«„««ntin««ntion le a 

Referring now to RGURE 5. a f iret embodiment of the decoder according to the present invention, i.e., a 
EudWs algorithm operation circuit vrill be described in detail. ^. ^ ^-4.. oi„„rithn, «n. 

RGURE 5 is a blodc diagram showing one embodiment of a divider adopted ii the Eudid s algonthm op- 
e ration circuit according to the present invention. » -n 

>JsS.5ng now to FIGURE 6. theprindpieof a division polynomial adopted in this embodiment will be 

"'^^'example of the division. (X* * aX' ♦ bX^t cX + dj whldi is a division of a dividend pdynornial by a 

div-i^n^^al will beconsidered.ln RGURE 6.registora1threugh3arepmvide^ 

of divided poiyrtomials. Registera 5 through 7 are storing dMsion polynomial coefficients d. c b and a. re- 
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spectivety, and outputs the coefficients d. c. b and a to multipliers 1 2 through 14 and an inverse elenwnt storing 
ROM 8. The inverse element storing ROM 8 supplies inverse elements of contents of the register 7 to a mul- 
tiplier 15. 



[Table 1] 



Timing 
Content 


to 


t1 


t2 


t3 


t4 


t5 


t6 


Input 


0 


1 


0 


0 


0 


0 


0 


Output 


0 


0 


0 


0 


1/a 


b/a2 




Register 1 


0 


0 


1 


0 


0 


d/a 


bd/a2 


Register 2 


0 


0 


0 


1 


0 


c/a 


bc/a2 -1- d/a 


Register 3 


0 


0 


0 


0 


1 


b/a 


B?/a2-fc/a 



Table 1 shown above indicates inputs/outputs and contents of the registers 1 through 3 at timings tO 
20 through t6. 

Dividend polynomials are supplied to an adder 9 sequentially from the maximum degree. As shown in Table 
1 , at the timing tO, the registers 1 through 3 are initialized to 0. At the timing t1 , coefficient of the maximum 
degree X of a dividend polynomial is input Thereafter, at the timings t2 through t6. coefficients of input dividend 
polynomials are all zero. Also, at the next timing 12. output is 0 and the adder 9 adds up 0 from a multiplier 12 
25 and input 1 and stores in the register 1. The contents of the register 1 are transferred to the registere 2 and 3 
sequentially at the timings t3 and t4. 

When the contents of the register 3 becomes 1 at the timing t4. the multiplier 15 multiplies 1/a from the 
inverse element storing ROM 8 and outputs a quotient of the maximum degree for the first time. This quotient 
is fed back to the multipliere 12 through 14 and multiplied by the coefficients d through a, respectively and 
30 d/a, da and b/a are stored In the registais 1 through 3. respectively. As a result a quotient at the timing t5 will 
become biA The output is completed at the timing tS. 

Thereafter, the samm operation is repeated and at the timing t6, residues are stored in the registere 1 
through 3. FIGURE 7 shows a computation of the division process described above. The circuit shown in FIG- 
URE 6 carries out the same operation as the computation shown in FIGURE 7 and the same result as that of 
35 the computation in FIGURE 7 is obtained. 

Until that time when the maximum degrees other than zero of dividend polynomials are stored in the reg- 
ister 3. that is. for the period of the timing tO through t3, the maximum degrees only are shifted and coefficients 
of the maximum degrees other than zero of dividend polynomials may be stored in the register 3 and coeffi- 
cients below the maximum degrees may be in parallel stored in the registers 2 and 1. In this case, only the 
40 operations at the timings t4 through t6 are sufficient 

Further, when a degree difference between a dividend polynomial and a division polynomial is 1 like in 
this case, the computation must be completed in two docks. 

FIGURE 5 is a block diagram showing a divkter to be incorporated in this embodiment 

Registere 21 through 28 are for storing coefficients of a dividend Ri-2(X) and registere 31 through 38 are 
45 for storing coefficients of a divisor Ri-ipQ. As the registers 21 through 28 store residues after completing the 
division, they are referred to as Ri re^stere and the registers 31 through 38 are referred to as Ri-1 registers. 
Data ends D of the registers 21 through 28 are supplied with data from switches 60 through 67. 

Output data terminals D from the registers 21 through 28 are supplied to addere 41 through 47 and a mul- 
tiplier 72. respectively, and also to data ends D of the registere 31 through 38. Output data from the registere 
50 31 through 38 are supplied to multiplieis 51 through 57 and an Inverse element storing ROM 70, respectively 
and also, to the switches 60 through 67. 

The switch 60 is provided with 0 and a syndrome coefficient SO and under the control by control signals 
LDN1 and LDN2 which will be described later, selecting one of 0, syndrome coefficient SO and output from 
the register 31 and outputs it to the register 21 . Similarly, the switches 31 through 37 are provided with outputs 
55 oftheaddere41 through 47 and 81 thnwgh 37 atthe front stage, respectively and selecting one of three inputs, 
output to the registere 22 through 28. 

The inveree element storing ROM 70 outputs the Inverae element of the output from the register 38 to an 
AND gate 71. The AND gate supplies the inverse element to a multiplier 72 at "H* of the signal QEN. The mul* 
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tiplier 72 multiplies the output from the register 28 by the inverse element and outputs a product as an output 
Q(X) and supplies it to the multipliers 51 through 57. The nwltipliers 51 through 57 multiply the outputs from 
the registers 31 through 37 by the Q(X) and output products to the multipliers 41 through 47. The adders 41 
through 47 add the outputs of the registers 21 through 27 at the front stage and outputs of the multipliers 51 

5 through 57 and supply total outputs to the switches 61 through 67. 

Next the operation of the embodiment In the circuit arrangement as described above will be explained 
with reference to FIGURES 8 and g. FIGURE 8 Is a flowchart for explaining the Eudid's algorithm and it is 
discussed in "Code Theory*. P. 172. by Hidekl IMAI. compiled by Japan Electronic Information & Communi- 
cation Institute). FIGURE 9 is a timing chart for explaining the operation of the divider shown in FIGURE 5. 

10 As an example, a case for decoding (1 5. 7) RS codes on the Galois field GF(2«) will be explained. Now. 
it is assumed that a primitive polynomial P(X) is to be Ppg « i- X -i- 1 and a generator polynomial GQC) is 
expressed by the following equation (41): 

G(X) = n(x-aO (41) 

It is further assumed that 1 5th information from the last to the top information of recehred signals are the 
IS 0th through 14th information and an error is generated on the 9th. 10th, 11th and 12th values. In this case, 
syndrome coefficients SO through S7 are provided by the following equations (37) through (44). 

SO = a»(a9) + a(aW) + a«(aii) + a».(ai2) = o (37) 

51 = a«.(a9)2 + a(aio)2 + a«(a")2 + o»(a^a)2 = a« (38) 

52 = cfi'ia^ + a(a^<0^ + a«(ai<)3 + a^ia^^ = (39) 
20 S3 = o« • (a*)* + o • (a^«)* + a« • (a^^)* + a» • {a^^ = a^^ (40) 

54 = o8 ♦ (a8)5 + a • (a^o)^ + a« • (ai^)« + a« ♦ (ai2)6 = 1 (41) 

55 = a» . (a«)^ + a • (a^<»)« + a« • (a^^)« + a» • (ai2)« = (42) 

56 = a8 • (a«)7 + a • (a^^Y + • (a^^Y + a« • (a«)7 = a^* (43) 

57 = a«(a»)» + o.(ai«)® + o«(a")8 + a»(a«)S = a» (44) 

25 Therefore, it Is possible to express a syndrome generator polynomial S(X) by the following equation (45). 

Spg = + a^3 .X« + a^ XB + X^ + 

^u.yz + ai2.X2 + a«-X + a (45) 
Next, a calculation is performed based on the Euclid's algorithm shown in FIGURE 8. 
First, in the step A1 it is assumed that R-1(X) = X2« = X» RO = S(X), B-1(X) = 0 and BO = 1. 
30 Next, assuming I = 1 1n the step A2, the calculation is carried out according to the fbUowing equation (46) 
in the step A3. 

Ripg = Ri.2(X).modRi-1(X) (46) 
where, Qi(X) is a quotient when Ri-2(X) was divided by Ri-1(X). 

Then, the calculation is carried out according to the following equation (47) in the step A4.: 
35 BiPQ = Bi- 2p() - OPQ • Ri- IPQ (47) 

The calculations by the equations (46) and (47) are carried out until deg Ri(X) becomes smaller than t (= 
4). When deg R(X) < 4, the process moves from the step A5 to the step A6 and adding 1 to i. the steps A3 and 
A4 are repeated. 

In this example. R1(X) will becomes as shown by the following equation (48) in the frst loop. 

40 

R1(X) = R-l(X) + RO(X) = + S(X) 
= {(a"*X + a^/Ql(X)) 

+ {(al^x5 + «11.X* + a.X^ 

+ a'»X* + a"-X + a')/Rl(X)) ... (48) 

50 As deg RIPO = 5. R2(X)is obtained by incrementing 1 in the step A. 

R2(X) = {(a7 .X2 + a« .X ♦ a^2/Q2(X)) 
+ {(all . + all • X3 + X2 + ai2-X2)/R2(X)} (49) 
As deg R2(X) = 4. R3(X)ls obtained by incrementing i again in the step A4. 

R3(X) = R1(X) ^ R2P() = {(X)/Q3(X)) 
55 + {(a*X + o^o.X^ + a"X + a8)/R3(X)} (50) 

As deg 3(X) = 3. the calculation of the equation (50) is completed and the process moves from the step 
A5 to the step A7, R3pC) in the equation (50) is ©(X). Similarly, B1 (X) through B3p() at this time are obtained 
as follows. 
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B1(X) = B-l(X) - Q1(X).B0(X) = 0 - Q1(X)*1 

= OKX) = (a"*X + a') ... (51) 



82 (X) = BO(X) - Q2(X)*B1(X) = 1 - Q2(X)*B1(X) 
= 1 - (a'^X* + a"*X + a") 
= a*-X^ + a*-X« + al*-X + ir ... (52) 



B3(X) = B1(X) - Q3{X)^B2(X) 

= (a"*X + a') - X- (a4.X* + a*-X* + a^*-X + a) 

= tf*.** + a^-x' + a"*X* + a"*X + a' ... (63) 



B3(X) in the equation (53) is 0(X). 

Here, when or« is sul>stituted Into a(X). the following equation (54) is obtained: 

<j(a3) = a*a« + a*a« 
2s + o'^a« + o«a» + a7 = 0 (54) 

From this equation (54). it is known that an error was generated on the 12th value. An error value e at this 
time can be expressed by the following equation (55) using a derwatwe <fQ() = cc» • X2 + a« that was obtained 
by collecting odd terms of <xQQ. 

e = o(x) + a'(X) (55) 

30 As X = cr« = a» when a-« is substituted Into the equation (55). the following equation (56) Is obtained. 



= (a*- a' + a", + a». a' + a») («^. a« + a") 



thus, an enror value a® is thus obtained. 
40 Similarly, substitute cr^^ a-^** and a-® into the equations (54) and (55). 

As X = a-" = a*, the equation (54) will be calculated as the following equation (57). 

j^a4) = a* . + . a^2 + . ^8 + . + = 0 (57) 
Further, a following result Is obtained from the equation (55). 

^ i 4 

e = «(a*) + <r ' ia) 

= (a*, a" + a"-a^ + a", a* + 

+ (a<-a^ + a") = (58) 

Further, as X = a-^^ = ^s, the equations (54) and (55) will become as follows. 

<T(a5) = a* • + • a^^ + a^^ ♦ a^^ + a^3 . + = 0 (59) 
e = ©(a5) + o\a^ = a (60) 
55 Further, as X = <r« = a» the following equations (61) and (62) are obtained. 

o(a«) = o* • ♦ a* • a^® ♦ a^* • a« + a" • a® + = 0 (61) 
e = <D(a«) + c\a^ = a« (62) 
An error location and an error value are thus obtained. 
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The divider used in this embodiment is to obtain an quotient Q(X) and ©(X) of RipC) = Ri-2(X) mod Ri-ip<) 
in the equations (44) and (45) described above. 

First S(X) is stored In the Ri register and X8 in the RI-1 register by a control signal LDN (FIGURE 9(a)) 
during the period A shown in FIGURE 9. In this case, it is determined whether the degree of R1 register is RipQ 

5 < t (=4). As S(X) = . ♦ a^* • X« + • + X* + a^^ • X* + . X2 + a and degree is 7 in this embodiment 
the next process is carried out 

Next during the period B shown in FIGURE 9, the shift is made until the maximum degree coefficient of 
the Ri register becomes other than 0. In the case shown In FIGURE 9, no shift is made as the maximum degree 
coefficient of the R6 is a« (= 8(HEX)). 

10 in the next period C. the contents of the Ri register and the Ri-1 register are exchanged each other a the 

control signal LDN2. At this time, the calculation of X^ + S(X) is started to obtain the maximum degree (= 
F(HEX)) for QQq. As a result the signal showing a period when QPQ Is effective becomes "H". As a distance 
of degrees is 1 as described above, the division is completed in two docks. During the next period D, a coef- 
ficient (= B(HEX)) is obtained for Q(X). The division process Is completed at this point of time and the signal 

15 QEN becomes "L". 

In the period E shown in FIGURE 9, coefficients of residue polynomials are stored in the Ri register. That 
is, the outputs from the registere 21 through 28 are R6 = 0. R5 = a", R4 = R3 = a. R2 = a» R1 = a'^ RO 
= made by the same operation as In the period A. The degree in this case is 5 and therefore, the process 
moves to the next operation and thereafter, the processes in the periods A through D will be repeated. 
20 In the period F, the same operation as in the period B Is carried out and the shift is continuously made 
until the maximum degree coefficient of the Ri register becomes other than 0. Because R8 Is 0. the shift is 
made only one time. 

In the period G, the same operation as in the period C Is carried out the contents of the Ri register and 
the Ri-1 are exchanged each other by the control signal LDN2 and the division process is started to get the 
25 maximum degree (- B(HEX)) for QPQ. As a distance of degrees becomes 2 by one shift In the period F, the 
signal QEN becomes for three docks. That is, the signal QEN is extended by the shift for the period F and the 
degree after calculation wiD be lowered by the shift 

The period H is a division process period and a^^ (= F(HEX)) is obtained for Q(X). In the period 1, the same 
process as In the period D is carried out and 2 (= F(HEX)) Is output for Q(X). The diviston process is completed 
30 in the period I and the signal QEN becomes "L". 

In the period J, the same operstton as In the period E is carried out and residue polynomial coeffidents 
are stored In the Ri register. That Is. they are R6 = a", R5 = a«. R4 = 1. R3 = a« R2 = a^, RI = 0, RO = 0. 
Here, degree 4 Is obtained through the degree judgement As the degree is not less than 4. the process is con- 
tinued. 

35 in the next period K. no shift is made as R6 = a^Mn the period I-. the contents of the Ri register and the 
RI-1 register are exchanged each other by the control signal LDN2, the division process is started and the max- 
imum degree a9 (= 1 (EEX)) is obtained for QQC). 

In the period M, the division process is completed and degree 0 of Q(X) is output In the period N, residue 
polynomial coefficients, R6 = a^ R5 = a«. R4 = a". R3 = a« . R2 = 0, R1 = 0, RI = 0 are stored In the Ri 
40 register. In the period O. the degree judgement is carried out As degree 3 is obtained by this degree judgement 
the process Is terminated. 

Thus, the contents of the registers are exchanged for every divisfon process and the division process is 
canied out by polynomial coeff ident and it is possible to improve the error correction process speed by re- 
dudng the processing time in the Eudkfs algorithm operation. Further, as the real time operatton is possible 
45 without requiring a buffer memory, this embodiment Is effective for a digital VCR and the like which are used 
for high speed data transfer. 

In this embodiment it is possible to construct the basic circuit portion (shown by the broken line In FIGURE 
5) using about 500 gates on the Galois field GF(2B) and in additton. it is also possible to construct an inveree 
element storing ROM using about 500 gates. It is only required to provMe 2t pieces of the basic drcuit portion 
50 and one piece of an inverse element storing ROM. And therefore, in the case of 2t = 1 0, a circuit scale of about 
5,500 gates is sufficient and in the case of 2t = 1 6. a circuit can be constructed using about 85,000 gates, and 
It Is possible to make the drcuit scale smaller than before. Further, It is dear that the circuit scale can be easily 
expanded for a weighted error correction only by cascade coupling the basic circuits. 

As described above, according to the present invention, it has an effect that the circuit scale can be reduced 
55 without impairing the high speed processing capability. 

Next a second embodiment of the decoder according to the present invention using the Eudld's algorithm 
operdrcuit wilt be described. FIGURE 10 is a block diagram showing a second embodiment of the decoder 
according to the present invention. 
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A received code-word is input to a syndrome generator 1. An erasure locator flag synchronizing with the 
received code-word is input to an erasure locator generator 2. The syndronr^e generator 1 calculates a syndrome 
SPQ from the received code-word. On the other hand, the erasure locator generator 2 generates an erasure 
locator coefficient a' from the input erasure locator flag and stores it in a register (not shown). 

5 In this embodiment, circuits for the modified syndrome generating operation and the erasure locator poly- 
nomial generating operation are used jointly with a divider and a product sum operation for the Euclid*8.algo- 
rithm operation, respectively. That is. the syndrome SpC) from the syndrome generator 1 and the erasure lo- 
cator coefficient a' from the erasure locator generator are supplied to the modified syndrome generating/the 
Eudid's algorithm divider 3. Further, the erasure locator coefficient a' is supplied to the erasure locator poly- 

10 nomial generating/Eudid's product sum operating drcuit 4. 

RGURE 11 is a circuit diagram showing a specified drcuit arrangement of the modified syndrome gener- 
atingCudid's algorithm divider 3 shown in FIGURE 10. Before explaining this FIGURE 11 . a circuit for the prin- 
ciple of modified syndrome generation and the divider for Eudid's algorithm operation will be described with 
reference to FIGURES 12 and 13. 

15 The drcuit shown in RGURE 12 is constructed by connecting 2t of a cell comprising a switoh 10, an adder 
11. a register 12 and a multiplier 13. In the initialized state, the switoh 10 selects a terminal 14 and supplies 
syndromes SO through S2t-1 to respective registers. Then, the switch 10 selects a terminal 15 and supplies 
the output from the register 12 at the front stoge to the adder 11. Further, 0 is Input to the switch 10 of a cell 
at the lowest degree side. The adder 11 has been supplied with a result of multiplication of the output from the 

20 register 12 with the erasure locator coefficient a\ and the adder 11 perfonfns the addition of mod After all, 
as the detected erasure locator coeffident o} is Input, coefficients of the modified syndrome SPQ shown In 
the equation (39) are stored in the register 12. 

Next, with reference to FIGURE 13, a divider that is usable fordivision in the Eudid's algorithm operation 
will be described. (The dhrider shown in FIGUF^E 13 is that was described in the specification (TOKU-GAN- 

25 HEI) 5-74652, filed previously by the same applicant for this application). 

Registers 21 through 28 are for storing coeff Idents of a dividend Ri-2(X), while registers 31 through 38 
are for storing coeff iciente of a divisor Ri-1(X). As the registers 21 through 28 store residues after completing 
the division, these registers are referred to as Rl registers and the registers 31 through 38 are referred to as 
Ri-1 registers. 

30 If R-1(X) » X2t and RO = SeQO, the calculation of the following equation (63) is carried out according to 
the circuit arrangement shown In RGURE 13. 

Ri(X) = Ri- 2(X) mod Ri- 1 (63) 
where. Qi(X) is a quotient when Ri-2 was divided by Ri-1(X). In FIGURE 11, the Ri registers 21 through 28 and 
the Ri-1 registers 31 through 38 are in the same drcuit arrangement as in FIGURE 11 . Date terminals D of the 

35 registers 21 through 28 are supplied with date from switohes 60 through 67. respectively. Output date from 
the registers 21 through 28 are supplied to adders 41 through 47 and a multiplier 72. respectively and also, to 
the date terminals D of the registers 31 through 38. Output data from the registers 31 through 37 are supplied 
to multipliers 51 through 57 via switches 151 through 157, respectively, and also output of a multiplier 38 is 
supplied to an inverse element storing ROM. Further, output date from the reglstera 31 through 38 are also 

40 supplied to the switches 60 through 67. 

The switch 60 is supplied with 0 and syndrome coefficient SO and under the control of control signals LDN1 
and LDN2 that are de described later, selects one of 0, the syndrome coeffident SO and the output of the reg- 
ister 31 and supplies it to the register 21 . Similarly, the switches 31 through 67 are supplied with the outputs 
of the adders 41 through 47 at the front stage and SI through S7 and selecting one of three inputs, output to 

45 the registers 22 through 28. 

The inverse element storing ROM 70 outputs an inverse element of the output of the register 38 to an AND 
gate 71 . The AND gate 71 supplies the Inverse element to the multiplier 72 at H' level of the signal QEN. The 
multiplier 72 multiplies the output of the register 28 by the inverse elen^ent and outputs a product as an output 
OPO and also, supplies it to the multipliere 51 through 57. The multipliers 51 through 57 multiply the outputs 

50 of the registers 31 through 37 by the Q(X) and output products to the adder 41 through 47. The adders 41 
through 47 add up the output from the registers 21 through 27 at the front stege with the outputs from the 
multipliers 51 through 57 and supply the added outputs to the switches 61 through 67. respectively. 

In this embodiment switches 150 through 157 and 158 for selecting the modified syndrome calculation 
process or Eudid's division process and a multiplier 1 59 for supplying the output of the multipl ier 72 to the switch 

55 60 are provided. The switches 150 through 157 and 158 select a terminal b for performing the modified syn- 
drome calculation and a terminal a for performing the division. 

RGURE 14 is drcuit diagram showing a spedf led circuit arrangement of the erasure locator polynomial 
generating/Eudid's product sum operation circuit 4 shown in RGURE 10. Before explaining this FIGURE 14, 
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the erasure locator polynomial generating principle circuit and the Euclid's algorithm product sum operator will 
be described with reference to FIGURES 15 and 16. 

The circuit arrangement shown in FIGURE 15 is the same as that of the nKxlified syndrome generating 
principle circuit shown in FIGURE 12. In FIGURE 15. t2 + 1 cells are connected and 1, 0, 0, ... are input to a 
5 terminal 14 of a switch 10. In the initialized state, the switch 10 selects the terminal 14 and thereafter, selects 

a terminal 1 5 to input the output of the front stage oelt. if erasure locator coefficients are a', al, a a.ooef- 

f Icient of an erasure locator polynomial (78(X) shown in the following equation (64) is obtained: 
oe(X) = (X - a') (X - aO (X - a'').... (64) 
Next, a product sum operator that is usable for the product sum operation of the Euclid's algorithm will be 
10 explained with reference to FIGURE 1 6. 

In registers 80 through 88, BI(X) is stored and multipliers 90 through 98 output results of muttiplication of 
outputs of the registers 80 through 68 with a quotient ci(X) of the dh^ider shown in FIGURE 13 to adders 100 
through 108. The outputs of the adders 100 through 108 are supplied to QBi registers 120 through 128, re- 
spectively. Adders 130 through 138 are supplied with the outputs from Bi-2 registers 110 through 118, which 
15 are storing outputs from the registers 80 through 88. and add two inputs. 

If B-1 pq = 0 and BO = Se(X). the product sum operator shown In FIGURE 16 carries out the product sum 
operation of the following equation (65). 

Bi(X) « BI-2(X) - Qip() Ri-1(X) (65) 
Further, the operations of the equations (64) and {ds) are carried out until deg Ri()0 becomes less than 
20 [(2t -I- Ne) /2] (N Is the number of erasures (the number of erasure locator flags)). 

In FIGURE 14, outputs from switches 140 through 148 are input to data terminals D of the Bl registers 80 
through 88. The outputs from the registers 80 through 88 are supplied to the multipliers 90 through 98, respec- 
tively, and also to data terminals D of the Bi-2 registers 110 through 118. Further, the outputs of the registers 
80 through 87 supplied to the adders 1 01 through 108 via switches 1 61 through 1 68. The multipliers 90 through 
25 98 are supplied with Q(X) and by multiplying the outputs of the Bi registers 80 through 88 by Q(X), output results 
of the multiplication to the adders 100 through 108. respectively. The outputs from the adders 100 through 
1 08 are supplied to the QBi registers 120 through 128, respectively, and the adders 100 through 108 add the 
outputs from the multipliers 90 through 98 and 0 or the outputs from the switches 161 through 1^ and output 
the result The outputs from the QBi registers 120 through 128 are supplied to the adders 130 through 138, 
30 which in turn add the outputs from the registers 120 through 128 and those from the registers 110 through 
118 and supply the added outputs to switches 140 through 148. 

In this embodiment, switches 161 through 168 are provided for selecting the erasure locator polynomial 
generating operation or the Euclid's product sum operation. The switches 161 through 168 select the terminal 
a for the erasure locator polynomial generation and the terminal b for the Euclid's product sum operation. 
35 The erasure locator polynomial generating/Euclid's product sum operating circuit 4 obtains an erasure lo- 
cator polynomial S8(X) of the equation (64) from erasure locator coefficients a', aJ, a\„., and at the same time, 
the modified syndrome generating/Euclid's divider 3 obtains the nnodif led syndrome shown in the equation (1) 
from the syndrome S(X) and erasure locator coefficients a', d, a^.... The Eudid's algorithm operation is carried 
out with these results of operation used as Initial values. That is. the nKKiif led syndrome generating/Eudid's 
40 divider 3 obtains an error value polynomial <d(X) according to the equation (65) with the modified syndrome 
S6(X) coefficient used as an initial value, while the erasure locator polynomial generating/Eudid's product sum 
operating drcuit 4 obtains an error value polynomial oKX) according to the equation (56) with the erasure locator 
pdynomial o(X) used as an initial value. 

The error value polynomial (0(X) and the error locator pdynomial o(X) are supplied to the Chlen searcher 
45 6. TTie Chien searcher 6 obtains a differentiated value o'(X) of ttie error locator polynomial a(X) and obtains 
an error value oo(a')/a'(a') through the calculation at a location i where the error locator pdynomial a{a}) be- 
conoes 0. These error locations and error values are supplied to the correction processor 7. A received code- 
word and an erasure locator flag are also supplied to the delay drcuit 8. and the dday drcuit 8 supplies the 
received code-word and the erasure locator flag to the correction processor 7 by delaying them taking the delay 
so of the processing time up to the Chien searcher 7 into consideration. The correction processor 7 conrects an 
error, If nay, of the receh^ed code-word by making the Galois field addition of the received code-word and an 
error value at an error location nd outputs the corrected received code-word. 

Next, the operation of the embodiment in the drcuit arrangement as described above will be explained 
with reference to the timing charts shown in FIGURES 17 and 18 and the explanatory diagram in FIGURES 
55 19 through 22. FIGURE 17 is a timing chart for explaining the operation of the divider shown in FIGURE 13 
and FIGURE 18 is a timing chart for explaining the operation of the product sum operating drcuit 

In this embodiment, the modified syndrome generation and Eudid's division as well as tiie erasure locator 
polynomial generation and Eudid's produd sum operation have been realized by the circuits shown In FIG- 
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URES 11 and 14, respectrveiy. However, for convenience of explanation, it is first explained that these oper- 
ations are realized t)y the circuits shown in FIGURES 12 through 16. and then it will be explained that the circuit 
operations in FIGURES 12 through 16 are realized by the circuits shown in FIGURES 11 and 14. 

Likewise the Euclid's algorithm described in the first embodiment, when a case for decoding (15, 7) RS 

5 codes on the Galois field GF(2^) is taken as an example, the equation (36) described above will hold goods if 
a primitive polynomial P(X) is assumed to be + X ••- 1. 

Similarly, when assuming that 15th information-bearing symbols from the last to the top symbols of the 
received signal are to be 0th through 14th Information-bearing symbols, if errors a^, a, a« and are generated 
on the 9th, 1 0th, 1 1th and 12th symbols, syndrome coefficients SO through S7 are ghren by the above equations 

10 (37) through (44). 

Therefore, it is possible to express a syndrome generator polynomial S(X) by the equatkm (45) as described 
above. 

On the other hand, when assuming that an erasure locator flag is generated on the 12th and 11th Infor- 
mation-bearing syntbols of a rsceived code-word, a modified syndrome Ss(X) is obtained as shown by the fol- 
IS lowing equation (66) through the calculation of the equation (34) by the circuit shown in RGURE 12. 

Se (X) = (X - tf • (X - a'^h • S(X) mod x" 
^ = a^x' + a^-X* + a'-X* + a*.3d 

+ a^-x' + a*-X* + X + a* ... (66) 

Further, through the calculation of the equation (64) by the circuit shown in FIGURE 15, an erasure locator 
25 polynomial ae(X) is obtained as expressed by the following equatton (67). 

a«(X) = (X - a""). (X - a'^h 

= X^ + a^X + a' ... (67) 

30 

First, it is assumed that R-1(X) = X» = X^, RO = SeQQ. B-ipQ = 0, BO = o5(X). 
Next, assuming i - 1 , the calculatton is carried out as to the above equation (63) according to the circuit 
of FIGURE 13. 

35 As described above, Qi(X) is the quotient when Ri-2()Q was divided by Ri-1 (X). 

This calculation Is canrled out until deg Ri(X) becomes smaller than (8 + 2)/2 (= 5). When Ripg is smaller 
than 5 (RipC) < 5). the calculatk>n Is repeated by every time incrementing the I by 1. 

In this example, Ri(X) will becomes as shown by the following equatton (68) in the first loop: 



R1(X) = R-l(X) + RO(X) = X*-!- S« (X) 
= { (^"•X + fl)/Ql(X)l 
^ + {(a"^X^ + a'.X^ + a^X* + a".X^ 

+ tf^.X* + a"«X+ a')/Rl(X)) ... (68) 

As deg R1 (X) s 6. the calculation is repeated by every time incrementing the i by 1 so that R2(X) is obtained 
so from the following equation (69). 

R2(X) = RO(X) + R1(X) = {(a* • X + a«)/Q2p()} 
+ {(a2 • X3 + a8 . X2 + • X ♦ a8)/R2(X)} (69) 
As deg R3(X) = 3, the calculation of the above equation is tenminated. Here, in the above equation R3(X) 
equals to (d(X). 

55 On the other hand, the circuit of FIGURE 1 6 canies out the calculation of the equation (64) until deg Ri(X) 

becomes smaller than 5 (deg Ri(X) < 5). 

Thus, following equations (70) and (71) are obtained. 
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B1(X) = B-l(X) - Q1(X)-B0(X) 

= 0 - (a"«X + o)-(x' + a^'X + a') 

= a^-x' + a*-X* + a*-X + ... (70) 

82 (X) = BO{X) - 02(X).B1(X) 
= (X* + a^X + ah 

- (o*-X + ah • (a^'X* + a*.X* + a*«X + a') 
= a^X* + a**X^ + a".X* + a"-X + ... (71) 

Here, the B2(X) in the equation (71) is equal to a(X). 

Here asX = a-^^ = a', when or^2 fs substituted into o(X), the following equation (72) Is obtained: 
o(a^ = a* • a« -i- . a> -i- a« • a« + a" • a« ♦ a* 
= a^* + a^i + a» + a^* + a« = 0 (72) 
From the this equation (72), it is known that an error was generated on the 12th value. An error value e at 
this time can be expressed by the following equation (73) using a derivative &Qq =a^'}(^*a^\ that was ob- 
tained by collecting odd terms of 0(X). 

e = cHX) + <T'(X) (73) 

As X when gt^^is substituted into the equation (73), the following equation (74) is established/ 

6 = «(a^) + a'lah 

= («'•«' + ff' + a", + a*) + (a*, a* + a^b 

+ a' = a* ... (74) 

Thus, the error value is obtained. 

Similarly, substitute or^S or^o and or^ into the equations (71) and (73) for calculating the 11th, 10th and 
9th terms. 

As X = ar^^ ' a^, the following equation (75) is developed from the equation (71). 

o(a*) = a2 . a^fi + • a^^ + cci2 , + a^^ • a* + a* 
= + a^* + a5 + ao + a5 = 0 (75) 
Further, a following result (76) Is obtained from the equation (73). 

e = 6) (a*) + a ' (a*) 

= (a^- + a') + (a^ a" + a'* a* + a"* a* + 

= ... (76) 



Further, when X^or^^-a^ls substituted, the equations (71) and (73) will become as follows. 
o(o5) = + a2 + a^ + ai + a* = 0 (77) 
e = (D(a5) + a'(a6) = a (78) 
Further, X = a-^ = is substituted, the following equations (79) and (80) are obtained. 

o(a«) = aS + a® + a2 + a* = 0 (79) 

e = a>(a«) + <s\a^) = a« (80) 
An error location and an error value are thus obtained. 

Now, operations that the divider of FIGURE 13 and the product sum operation circuit of FIGURE 16 carry 
out the above calculations will be described. The divider of RGURE 13 is used for obtaining the quotients QQ() 
and o>(X) of the above equations (63). 
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First, Se(X) is stored in the Ri reglstBr and X8 in the Ri-1 register by a control signal LDN (FIGURE 17(a)) 
during the period A shown in FIGURE 17. In this case, it is determined whether the deg Ri(X) < 5. As Se(X) = 
a* • X' ♦ a2 • xe + a2 • + • X* + a« . X3 + aS • X2 + X + a« and degree is 7 In this emlxxJIment, the next 
process is carried out 

5 Next, during the period B shown in FIGURE 17, the shift is made until the maximum degree coefficient 

of the Ri register t>eGomas other than 0. In the case shown in RGURE 17, no shift is made as the maximum 
degree coefficient of the R6 is a> (= 4(HEX)). 

In the next period C, the contents of the Ri register and the Ri-1 register are exchanged each other a the 
control signal LDN2. At this time, the calculation of X^ + Se(X) Is started to obtain the maximum degree a^^ (= 

10 D(HEX)) for Q(X). As a result, the signal QEN showing a period when Q(X) is effective becomes 'H'. As a dis< 
tance of degrees is 1 as described above, the division is completed in two docks. During the next period D, a 
coefficient (» 2(HEX)) is obtained for Q(X). The dh^ision process is completed at this point of time and the 
signal QEN becomes Vand SFTN becomes 'H". 

In the period E shown in FIGURE 17, coefficients of residue polynomials are stored in the Ri register. That 

15 is. the outputs from the registers 21 through 28 are R7 = a^s, R6 = R4 = a^®. R3 = a^®, R2 = a«. RI = a» 
RO = 0 made by the same operation as in the period A. The degree in this case is 6 and therefore, the process 
moves to the next operation and thereafter, the processes in the periods A through D will be repeated. 

In the period F, the same operation as in the period B Is carried out and the shift is continuously made 
until the maximum degree coefficient of the Ri register becomes other than 0. Because R6 is a^', the shift is 

20 not carried out 

In the period G. the same operation as in the period C is carried out, the contents of the Ri register and 
the Rl*1 are exchanged each other by the control signal UDN2 and the dh^ision process is started to get the 
maximum degree (= 3(HEX)) for Q(X). As a distance of degrees is 1 , the signal QEN becomes for two docks. 

The period H is a division process period and (- 6(HEX)) is obtained for Q(X). This division is temninated 
25 in the period H, then the QEN becomes "L". in the period I, the same process as In the period E is carried out 
and a coeff Ident of the the residue polynomial Is stored in the Ri register. That Is, R7 = 0, R6 = 0. R5 = 0, R4 
= R3 = a^R2 = a^^ RI = a6 and RO = 0. Then, degree 3 is obtained by this degree judgement the process 
is terminated. 

On the other hand, the product sum operating circuit shown in FIGURE 16 is to obtain a(X) from the equa- 
30 tibn (65). 

The product sum operation is carried out whenever a quotient Q(X) is inputf rom the divider shown in FIG- 
URE 13. In the period A shown In FIGURE 18, the control signal LDN becomes V and the erasure k)cator 
polynomial coefficients are preset in the Bl register. The BI-2 register and the QBi register are deared. In this 
embodiment, preset values in the Bl register are B2 = a®, Bl = and BO = from the equation (65). 

35 Then, in the period B shown In FIGURE 18. coeff idents of the quotient Q(X) are input sequentially from 
the higher coeff idents. That is, they are input in order of a^^. a, and X2+ X -i- preset in the Bi register in 
the period A is multiplied by the quotient Q(X) and a product obtained is added to the contents 0 of the Bi-2 
register. Here, as shown in FIGURE 18(o), a signal SFTN2 to make the QBI register active becomes 1" and 
the QBi register only is operated. Data In the Bi register and the Bi-2 register are kept 

40 In the next period C. the contrd signal LDN3 becomes "L" to store the result of product sum operation in 
the Bi register and the contents 1 of the Bi register are transferred to the Bi-2 register for the next time calcu- 
lation. Further, the QBi register is dearsd. In this period C, the result of the f iret time product operation sum 
(a^3 • X3 -I- a2 • X2 • X a^) is stored in the Bi register. 

In the next period D. likewise the period B. coeff idents of Q(X) are input sequentially from the higher coef- 

45 f idents. That is, they are input in order of a^, a« and (a" . X' + • x^ + . X + a«) reset in the Bl register in 
the period C is multiplied by Q(X) and added toQ^^ + aJ X^aJ) being stored in the Bi-2 register. 

In the period E. likewise the period C, the control signal LDN3 becomes 'L' and the following result Bi(X) 
of product sum operatkm is stored in the Bi register. 

BiPO = o2 .X^ ♦ a2 .X3 + a« X * = aQ() 

so That is. the final result of product sum operation is kept stored in the Bi register. 

Thus, the Eudld's algorithm operation is carried out In the Eudkf's algorithm division, nwdlfied syndrome 
coefficients are used as preset values. Further, in the product sum operation, erasure locator polynomial coef- 
ficients are used as preset values. So, in this embodiment circuit scales have been reduced by designing com- 
mon use of circuits paying attention to this point 

55 That is, the modified syndrome generating/Eudid's algorfthm divider 3 is the divider shown in FIGURE 1 3 

with the switches 150 through 157 and 159 added and first cateulates modified syndromes from syndromes 
(SO through S7) and erasure locator coeff teients (ELOO through EIj07) and then, generates an error value poly- 
nomial through the Eudki*s algorithm division. 
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In a word, first, syndromes are loaded on the Ri register by the switches 60 through 67. and then selecting 
the outputs from the multiplier 159 and the adders 41 through 47 by the switches 60 through 67 and the ter- 
minals b are selected by the switches 150 through 157 and 159. Then, the circuit shown In FIGURE 11 vAW 
become the circuit state shown by a thick line in FIGURE 19. 

5 That is. erasure location data ELOO through EL07 are input to the multipliers 1 59 and 51 through 57 via 
the switch 158. and the multipliers 159 and 51 through 57 nruiltiply them by syndromes from the Ri register. 
The results of this multiplication are added to the output from the Ri register at the front stage by the adders 
41 through 47 and stored In the Ri register In the next stage via the switches 60 through 67. In this way. it is 
known that the circuit state shown in FIGURE 19 is equivalent to the circuit shown In FIGURE 12. Further, the 

10 signal SFTN in this case is always at "L". When the input of erasure location data is completed, coefficients 
of modified syndromes are kept in the Ri register. 

Next, by selecting outputs from the registers31 through 38 by the switches 60 through 67 and the terminals 
a by the switches 150 through 157 and 159. the modified syndrome operating circuit Is changed to the con- 
nection for the Euclid's algorithm diviston. in this case, the circuit becomes in the connected state as shown 

15 by the thick line in FIGURE 20. As dear from the comparison of FIGURES 20 and 13. the Euclid's algorithm 
divider is constructed by the state of connection shown in the thick line In FIGURE 20. Further, in this case, a 
quotient QPO is output from the multiplier 72 via the tenminal a of the switch 158. The modified syndrome gen- 
erating operatton and the Eudki's algorithm division are carried out in this way by the drouit shown In FIGURE 
11. 

20 On the other hand, the erasure locator polynomial generatlng/Eudid's product sum operating drcuit 4 
shown in FIGURE 4 Is the product sum operating circuit shown in FIGURE 16 with the switches 161 through 
168 added and first, generates an erasure locator polynomial from the erasure locatbn coefficients (ELOO 
through EL07) and then, generates an error locator polynomial through the product sum operation for Eudld's 
algorithm. 

25 That is, when the syndrome operatton Is completed, the switches 140 through 148 select the outputs from 
the adders 100 through 108. 1 is loaded on the lowest register only and 0 are loaded on all other registers. 
Then, the switches 161 through 168 selectthe temrtinals a. As a result, the drcuit shown In FIGURE 14 becomes 
the connected drcuit state as shown by the thick line in FIGURE 21. 

Then, the erasure location coefficients ELO through EL7 are input to the multipliers 90 through 98 and the 

30 outputsfrom the multipliers 90 through 98 and the outputs from the registers 80 through 187 in the front stage 
are input and the outputs from the adders 100 through 108 are input to the registers 180 through 188. and a 
circuit for erasure locator pdynomial generating operation equivalent to the drcuit shown in FIGURE 12 is con- 
structed. Further, in the erasure locator pdynomial generating operation, the signal L0N3 is always kept at 
■L". When the Input of erasure locator coeff idents is completed, the coefficients of the erasure locator poly- 

35 nomial are kept stored In the registers 180 through 168. 

Then, the switches 140 through 148 selectthe outputs from the adders 130 through 148 and the switches 
161 through 168 select the terminals b. That is, in this case, the circuit becomes the connected state as shown 
by the thick line in FIGU RE 22. As dear from the comparison of FIGURES 22 and 1 6, the ptoduct sum operating 
circuit for Eudid's algorithm is constructed by the connection shown by the thick line in FIGURE 22. 

40 Further, in this case, a division quotient QQQ is supplied to the multipliers 90 through 98 Instead of the 
erasure locator coefficients ELOO through EL07. The erasure locator polynomial generating operation and Eu- 
clid's product sum generating operation are carried out in this way. 

In the second embodiment of the decoder, using the modified syndrome generating/Eudkl's algorithm dh^- 
ider 3 in a simple drouit arrangement with switches added to the Eudid's algorithm divider, the dh^ision for Eu- 

45 clid's algorithm is carried out using registers for holding modified syndromes obtained through the modified 
syndrome generating operation. Further, using the erasure locator polynomial generating/Eudid's algorithm 
product sum operating circuit in a simple drcuit arrangement with switches added to the product sum operating 
circuitfbr Eudid's algorithm, the product sum operation for Eudid's algorithm is canied out by utilizing the reg- 
isters for holding the modified syndromes obtained by the erasure locator polynomial generating operation. It 

50 is possible to reduce the drcuit scale remarkably by commonly using these drcuits and it becomes easy to 
achieve the large scale integration. 

Further, while data obtained from the operation are transferred and an operating time is regulated using 
the l/F in the conventional decoder shown in FIGURES 1 and 2. the decoder of the present invention has such 
merits ttiat no data transfer is required and the processing speed can be promoted as the circuits are conmionly 

55 used and furthermore, the reglstere for storing obtained syndrome ooeff Kients or erasure kx»tor polynomial 
coefficients and the registera in whk:h these ooeffidents are to be foaded in order to carry out next dhfision 
or product sum operation are commonly used. 

Further, the present Inventton Is not limited to the embodiments described above. For instance, the number 
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of {>arities on the Galois field GF(2^) Is explained to be 8 but the present Invention can be Implemented on the 
Galois field Gf{2^) and as to the number of parities, it is possible to easily cope with any number of parities 
only by increasing the number of cells and changing the degree Judgement 

As described above, the present invention can provide an extremely preferable decoder. 

5 While there have been Illustrated and described what are at present considered to be praferred embodi- 
ments of the present invention. It will be understood by those skilled In the art that various changes and.mod- 
if ications may be made, and equivalents n^y be substituted for elements thereof without departing from the 
true scope of the present invention. In addition, many modifications may be made to adapt a particular situation 
or material to the teaching of the present invention without departing from the central scope thereof. Therefor, 

10 it Is intended that the present invention not be limited to the particular embodiment disclosed as the best mode 
contemplated for carrying out the present invention, but that the present invention includes all embodiments 
^ling within the scope of the appended claims. 

The foregoing description and the drawings are regarded by the applicant as Including a variety of individ- 
ually inventive concepts, some of which may lie partially or wholly outside the scope of son^ or all of the fol- 

15 lowing daims. The fact that the applicant has chosen at the time of filing of the present application to restrict 
the claimed scope of protection In accordance with the following daims is not to be taken as a disdalmer or 
alternative Inventive concepts that are Induded In the contents of the application and could be defined by 
claims differing in scope from the following daims, wh Ich different daims may be adopted subsequently during 
piosecutnn, for exantple. for the purposes of a divistonal application. 

20 

Claims 

1 . In a Eudid's algorithm operation drcuit for repeatedly dividing dividend pdynomials by residues from the 
25 dh^ton of dividend polynomials and divlsk>n pdynomials until degrees of the residues satisfy prescribed 

conditions, a Eudid's algorithm operation drcuit comprising: 

a first and a second register groups having a plurality of registers for storing the dividend polyno- 
mials and the dh^ision polynomials: 

a feedback loop for storing residues resulting from the diviston of the dividend polynomials by the 
30 diviston pdynomials In registers of the first register group using the first and the second register groups; 

a shifter for shifting the contents of the registers of the first register group to registers in the next 
stage whenever one time of division Is completed until the maximum degree ooeffldent of the dhnslon 
polynomials become non-zero; and 

an exchanger for exchanging the coeff idents of the dividend polynon^s with the coefficients of 
35 the division pdynomials. 

2. A decoder comprising: 

a syndrome operator for calculating syndromes form received code-words; 
an erasure locator generator for generating erasure locator data from erasure locator flags syn- 
40 chronizing with received code-words; 

a modified syndrome generator for generating modified syndromes excepting erasure locator in- 
formatton from the syndromes; 

an erasure locator pdynomial generator for generating erasure locator pdynomials from the era- 
sure locator data; 

45 a Eudid's algorithm operation drcuit for obtaining error locator pdynomials and error value pdy- 

nomials from the modified syndromes and the erasure locator pdynomials; 

a Chien searcher for obtaining error locations and error values from the error locator polynomials 
and the error value pdynomials obtained by the Euclid's algorithm operatbn circuit; 

a correctton processor for correcting errors of the received code-word based on error locations and 
50 error values obtained by the Chien searcher; and characterized In that; 

the nKxJif led syndrome generator and the erasure locator polynomial generator are used jointly with 
the Eudid's algorithm operation drcuit. 

3. A decoder as daimed in Claim 1 , characterized in that; 

^ the modified syndronte generator is used jointly with the divMer of the Eudid's algorithm operation 

drcuit and the erasure locator pdynomial generator is used jointly with the product sum operating drcuit 
for Eudid's algorithm. 
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A decoder as claimed in Claim 2, characterized in that; 

the divider of the Euclid's algorithm operation circuit obtains error locator polynomials by performing 
the division process until the maximum degree coefficients of the dividend polynomials become non-zero 
while exchanging data of registers in which coefficients of dividend polynomials and division polynomials 
are stored for every division process and generates modified syndromes using the registers for the divi- 
dend polynomial coefficients. 

A decoder as claimed in Qaim 2, characterized in that; 

the product sum operating circuit for Euclid's algorithm generates the erasure locator polynomials 
using registers for nujltipiication. 

A decoder comprising: 

a syndrome operator for calculating syndromes from received code-words; 

an erasure locator generator for generating erasure locator data from erasure locator flags syn- 
chronizing with received code-words; 

a first cell group comprising a plurality of first cells connected, each of which has a first and a sec- 
ond registers; 

a first adder and a first multiplier, 

a modified syndrome generator for generating modified syndromes excepting erasure locator in- 
fbrmatlon from the syndromes using the first regi^. the first adder and the first multiplier by providing 
the syndromes and the erasure locator data to the first oeD group and for storing them in the first register; 

a Euclid's algorithm divider for obtaining error value polynomials from the modified syndromes and 
the erasure locator polynomials stored in the first register using the f irat and the second rag'ntara, the 
first adder and the first multiplier; 

a second cell group comprising a plurality of second cells connected, each of which has a third, a 
fburth and a fifth reglstere, a second adder and a second multiplier an erasure locator polynomial gener- 
ator for providing the erasure locator data to the second cell group and generating erasure locator poly- 
nomials using the third register, the second adder and the second multiplier, and storing them In the third 
register; 

a Eudid*s algorithm operation circuit that is provided with a quotient from the Euclid's divider and 
obtains an error locator polynomial using the third, the fourth and the fifth registers, the second adder 
and the second multiplier from the erasure locator polynomials stored in the third register and the quotient; 

a Chien searcher for obtaining error locations and error values from error value pollnomlals and 
error locator pdinomials obtained by the divider and product sum operation circuit for Euclid's algorithm, 
respectively; and 

a correction processor for correcting the errors of received code-words based on the enror locations 
and error values obtained by the Chien searcher. 
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@ Decoder. 

@ Decoder in a form of Eudld's algorithm oper- 
ation circuit in which division polynomials are 
repeatedly divided by residues resulting fipom 
the division process of dividend polynomials 
and diviston polynomials untH degree of resi- 
dues of the diviston process satisfies a pres- 
cribed condition, the EudkJ'a algorithm 
operatfon circuit comprises a first and a second 
register groups having a plurality of registers 
for storing the dividend polynomials and the 
divisbn polynomials, respectively, a feedback 
loop fbr storing residues resulting firom the 
division process of the divkjend polynomials by 
the diviston polynomials in respective register 
of the first register group using the first and the 
second register groups, a shifter for shifting 
contents of respective registers of the first regi- 
ster group in the next stage whenever one 
division process is completed until the 
maximum degree coefficient of the division 
pdynomia) becomes non-zero, and an 
exchanger fbr exchanging coefficients of the 
dividend polynomials with coefficients of the 
division polynomials. Decoder including the 
Eudid's algorithm operation circuit comprises 
a syndrome operator for calculating syndromes 
from received code-words, an erasure locator 
generator for generating erasure locator data 
from erasure locator flags synchronizing with 
received code-words, a modified syndrome 
generator for generating modified syndromes 
excepting erasure k>cator infomration from the 
syndromes, an erasure locator polynomial 
generator for generating erasure locator 
polynomials from the erasure locator data, a 



Eudid's algorithm operat»n circuit for obtai- 
ning enor locator polynomials and enror value 
polynomials from tiie n^odified syndromes and 
the erasure locator polynomials, a Chien sear- 
cher fbr obtaining error kx:ations and error 
values from the error locator polynomials and 
the ennor value polynomials obtained by the 
Eudid's algoritiim operation drcuiL a correo- 
tk>n processor for correcting eirors of the recei- 
ved code-word based on error locattons and 
error values obtained by the Chien searcher, 
and characterized in that the modified syn- 
drome generator and the erasure k)cator poly- 
nomial generator are used Joinfiy with the 
Eudid's algorithm operation circuit 



Jouve. 18, rue SafciU)enls, 75001 PARIS 



EP 0 620 654 A3 




2 



EP 0 620 654 A3 



iUtropcjui Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 94302363.0 



Catceory 



CitMita«r<M 



tiridifciiia 



M, nlMre apprtpriaCe. 



Rfkvaat 



CLASSIFICATION OP THE 
AFPUCAnONqatO.^ 



DE - A - 4 105 860 
(BTS BROADCAST TELEV, 
SYSTEMS) 

* Totality * 



FABRIEKEN) 

* Abstract; claim 2 • 

GB " A - 2 262 371 
(SONY CORP.) 

* Totality • 

US - A - 4 649 541 
(LAHMEYER) 

* Claims 3.4,6 * 

US ~ A - 5 170 399 
(GAMBRON et al.) 

* Claims * 



The preseac seucb report hm beta drawa up for aU daoos 



2,6 



GB - A - 2 259 


378 


1,2,6 


(SONY) 

* Abstract; 


Claims * 




EP - A - 0 295 


949 


1,2,6 


(SONY) 

* Claim 3 * 






EP - A - 0 413 


856 


2,6 



1-6 



1,2,6 



2,6 



H 03 M 13/00 
G 06 P 11/10 



TECHNICAL FIELDS 
SEARCHED Obi. CL5) 



H 03 M 13/00 
G 06 F 7/00 
G 06 F 11/00 



VIENNA 



30-12-1994 



BAUMANN 



CATEGORY OF QTCD DOCUMENTS 

X : paiticiiUrfy rdcvul if lakes alooc 
Y : paitlcsUriy NtcvtAl ftcaaMaH mUk uMktr 
4oc«m«Bi of tk« « 

A : Iff 



T : tkton Of piiMiflc «atefrli| dw lavoatloa 
E : fvUcr pstcnt 4oaamm, lot pakUsfced oa, « 

after die fiPm date 
O : docaaoBl ctal li fko appOoiiiea 
L!<ocawoM chad for oOwrtaaaoai 



■WrordM* 



e paical fuOlr. cormpoafiaf 



P : iaicnaediait dooBncal 



